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中文摘要 











Nur77 的激动剂 cytosporone B (Csn-B)可以通过提高 Nur77 的蛋白水平来调控
小鼠的血糖浓度。 
本文研究第一次阐明了 Nur77 和 AMPKα通路的 cross-talk。我们发现,激动
剂 Csn-B 可以在小鼠和细胞模型中提高 Nur77 的蛋白表达水平，并抑制 AMPKα
Thr-172 位点的磷酸化水平。Thr-172 位点是 AMPKα被上游激酶磷酸化的关键位
点，其磷酸化水平决定了 AMPK 的激酶活性。和野生型小鼠相比，Nur77 敲除小
鼠的肝脏和肌肉中的 AMPKα磷酸化水平显著升高。进一步的研究发现，在肝细
胞中过表达 Nur77 可以抑制 AMPKα的磷酸化。 
在探讨Nur77抑制AMPKα磷酸化的分子机理中，我们发现Nur77可以和AMPK
α的主要上游激酶 LKB1 结合。重要的是，LKB1 的催化结构域是和 Nur77 结合的
关键区域；而 Nur77 通过和 LKB1 的催化结构域的结合，阻断了 AMPKα和 LKB1
的结合，从而抑制了 LKB1 对 AMPKα的磷酸化。 
我们的实验还进一步证实 Nur77 的配体结合结构域是和 LKB1 结合的关键区
域。由于 Nur77 的配体结构域可以和一系列小分子化合物结合，并受到它们的调
控。因此，某些小分子化合物可以通过影响 Nur77 和 LKB1 的相互作用，从而调
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总之，本文的研究发现孤儿受体 Nur77 及其激动剂 Csn-B 可以在细胞和组织
水平抑制 AMPKα的磷酸化，并阐明了其具体的分子机理和信号通路。Nur77 可以
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Abstract  
AMPK (AMP-activated protein kinase) plays a major role in the control of whole 
body metabolism. AMPK integrates nutritional and hormonal signals to promote 
energy balance by switching on catabolic pathways and switching off ATP-consuming 
pathways, both by short-term effects on phosphorylation of metabolic enzymes and by 
long-term effects on gene expression. AMPK is considered to be a critical regulator in 
hepatic gluconeogenesis by suppressing the expression of key gluconeogenic genes 
and reducing glucose output. 
Orphan receptor Nur77 is a member of the super family of steroid/thyroid 
receptors without identified in vivo ligands. As a transcription factor, Nur77 can 
modulate transcription of its downstream genes and thus to regulate cell proliferation, 
differentiation and apoptosis. Also, Nur77 can act as a binding partner of other 
proteins to regulate their biological functions through interactions. Nur77 has been 
implicated in the control of hepatic glucose metabolism. Some key gluconeogenic 
genes are direct downstream targets of Nur77. Thus, Nur77 can promote hepatic 
gluconeogenesis and elevate blood glucose level in mice model. Recently, our lab has 
indentified a novel agonist of Nur77, cytosporone B (Csn-B), which can upregulate 
Nur77 in liver to regulate glucose metabolism. 
In this thesis, we reproted a novel cross-talk between Nur77 and AMPK. LKB1, 
the upstream kinases of AMPKα, phosphorylates AMPKα at Thr-172. 
Phosphorylation by LKB1 is required for activation of AMPKα in liver. We found that 
Csn-B could promote expression of Nur77 in mice and cultured cell lines, and reduce 
phosphorylation of AMPKα at Thr-172 site. Comparing with the wild-type mice, 
Nur77 knock-out mice showed significantly elevated-phosphorylation of AMPKα at 
Thr-172 in liver and muscle. Conversely, overexpression of Nur77 in cultured hepatic 
liver cells also inhibited phosphorylation of AMPKα at Thr-172. 
Moreover, mechanistic analysis indicated that Nur77 bound to LKB1, the 
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catalytic domain of LKB1 was responsible for interacting with Nur77. This 
interaction disrupted the formation of the complex of LKB1 catalytic domain and 
AMPKα, and consequently reduced phosphorylation of AMPKα induced by LKB1. 
Finally, our data demonstrated that the ligand binding domain of Nur77 was 
critical for the interaction between Nur77 and LKB1. Since some small molecular 
compounds can bind and regulate the ligand binding domain of Nur77, it is possible 
that those compounds may affect the interaction between of Nur77 and LKB1 and 
modulate LKB1-AMPK pathway.  
In summary, our study demonstrated that orphan receptor Nur77 and its agonist 
Csn-B can inhibit the phosphorylation of AMPKα at Thr-172 in cell and tissue. Nur77 
can bind to LKB1 and thus abolish phosphorylation of AMPKα induced by LKB1. 
Because AMPK has been discribed as a critical kinase in hepatic glucose metabolism 
and a popular therapeutic target of anti-diabetes drug, our study might provide a 
promising molecular target, Nur77, for the design of novel anti-diabetes medicines. 
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前    言 
1. AMPK 信号通路 
生物体正常生理功能都取决于对能量代谢的动态调节，即能量的供给和需求




1.1. AMPK 的发现 
    1973 年，Ki Han Kim[1]和 David Gibso[2]分别发现乙酰辅酶 A 羧化酶
（acetyl-CoA carboxylase，ACC）和 3-羟-3-甲基戊二酰辅酶 A还原酶（HMG-CoA 
reductase， HMGR）可以被肝脏提取液中的某种激酶抑制，而在加入磷酸酶
（phosphatase）后，这种抑制作用被逆转。由于 ACC 和 HMGR 分别是脂肪酸合成
和胆固醇合成中的限速酶，这一发现提示这种未知酶可能在代谢中发挥着重要作






1.2. AMPK 的结构和自我调控 
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PRKAG2，PRKAG3）。这些基因分布于5个染色体上：α1(5p12), α2(1q31), β
1(12q24 1), β2(1q21 1), γ1(12q12-14), γ2(7q35-36), γ3(2q35)。 
  





















图 1. AMPK 各亚基的结构示意图
[8]
 
Fig 1. Schematic representation of AMPK subunits[8] 
 
AMPKα亚基由N端激酶结构域（NH2-terminal kinase domain），自我抑制序
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domain，β/γ-SBD）组成（图1）[9]。β亚基包括位于蛋白中部的糖原结合结构
域（glycogen binding domain ，GBD）和C端的α/γ亚基结合结构域（α/γ 













    除了位于AMPKα上的自我抑制序列，Hardie等在γ亚基的CBS2序列中鉴定出






1.2.5. AMPK 的底物识别 
AMPK的保守底物识别基序（consensus motif）是ΦX(B, X)XX (Ser/Thr) XXX
Φ，其中Φ为疏水氨基酸，B为基本氨基酸，如Arg，X为任意氨基酸[14]。 
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Thr-172位点的磷酸化[15]。目前已经鉴定出三种AMPK上游激酶。 
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图 2. AMPK 对葡萄糖摄取的调控
[23]
 
Fig2. AMPK regulates glucose uptake[23] 
 
1.4.1.1 AMPK通过对AS160的磷酸化来调控GLUT4 
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